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Abstract 
In the speckle-shearing interferometry, the interferograms are obtained by the shearography. There are lots of 
noises in the interferograms. Removing the noises of the interferograms is the key issue in the interference 
measurement. In the paper, Perona-Malik nonlinear diffusion filtering method based on partial differential equations 
(PDE) is used in the filtering process of speckle-shearing interferograms. Gaussian smoothing filter is combined in 
the P-M filtering method to improve the filtering effect. Through the experiments of the improved model, it is 
showed that in the case of the psnr remaining unchanged, the large particle noises are inhibited and edge details are 
kept better. 
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1. Introduction  
The speckle shearography measurement is developed from the speckle interference measurement in 70s. 
It is used in the deformation measurement and the non-contact measurement. The principle is that 
interference happens with the coherent light on the surface, forming interferograms. When the small 
deformation of the surface happens, the speckle field of the object’s surface will be changed and the new 
speckle filed will be formed. The interferograms before and after the deformation are recorded. The 
interferogram containing the deformation information is obtained by comparing the recorded 
interferograms before and after the deformation. In the paper, the improved Michelson Interferometer is 
adopted, and the shearing interferogram of the deformation is gotten by using subtraction model. 
 
* Corresponding author. Tel.:15210848123. 
E-mail address:a05260303@126.com. 
 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
2343Qianqian Heng et al. / Procedia Engineering 29 (2012) 2342 – 23462 Qianqian Heng/ Procedia Engineering 00 (2011) 000–000 
In the speckle-shearing interferograms, the phase distribution of the interogram is important for the  
measurement of out-of-plane displacement. But the information extracted from the interferograms is 
influenced by the noise. So an effective filtering method is needed. In one way, the traditional filtering 
methods can be classified into linear and nonlinear filters, such as mean filter and median filter. They 
inhibit noises by smoothing, but the edge information may be smoothed. In another way, the filtering 
methods can be divided into space domain and frequency domain filtering. Frequency domain filter is that 
the image is transformed into and filtered in the frequency domain. In the process of filtering, the 
bandwidth is needed to be determined exactly. If the bandwidth is narrower, the noise can not be 
eliminated effectively; if the bandwidth is wider, some information will also be eliminated. So these 
methods have no good filtering effects. It is expected that the noise can be eliminated and the edge 
information can be kept completely. The filtering method of partial differential equation from the heat 
conduction can control the diffusion direction and diffusion rate. In this way, the edge details can be kept. 
It has been a long way to introduce the heat conduction into the image processing. Until 1990s, Perona 
and Malik [1] put forward nonlinear diffusion (P-M model) to keep edge information. By this method, the 
factor of diffusion can be determined by the gradients of the interferograms in different parts. The 
gradients are influenced by the noise. So many researchers have done much to improve the P-M filtering 
model. Compared with other filtering methods, the P-M nonlinear diffusion partial differential equation 
filtering method can filter the noise, and keep the edge details. 
In this paper, the diffusion function is chosen to make sure the noise diffusion rate is fast in the interior 
region and slow in the edge region. Thus, the edge details can be kept. Additionally, the adaptive gradient 
threshold was used to compute the proper threshold value. Gaussian smoothing filter was combined with 
the P-M nonlinear diffusion filtering to improve the filtering results. The method used in the paper is 
evaluated by the subjective visual effect and the objective parameters - psnr (peak signal noise ratio). 
2 P-M partial differential equation filtering principle 
The diffusion of the partial differential equation is good for keeping the edge information. The intensity 
gray values of a noised image can be expressed below: 
             ),(),(),(I yxnyxuyx += ， Mx ≤≤1 ， Ny ≤≤1                                         (1) 
I(x, y) is the actual image gray value, u(x, y) is the gray value without the noise. n(x, y) is the random 
noise. M and N are the rows and columns of the image.  
2.1 P-M denoising model 
The PDE can be derived from variation method. The improved energy function is defined below: 
∫∫ ΩΩ −+∇= dxdyIudxdyu 22||J(u)
λρ ）（
                                                  (2) 
where Ω is the image support domain; u∇ is the gradient of u; λ is the fidelity coefficient. ）（ || u∇ρ  is 
potential energy function and it must be a monotone and not reducing function. In (2) the first term is 
used to smooth the noise; the latter is used to describe the approximation degree between the original 
image and the denoised image. If the approximation term is not considered, by Lagrange equation and its 
extremum condition, the minimized solution of (2) is the steady-state solution of the following evolution 
equation:  
)|)(|(t uucu ∇∇⋅∇=∂ ， ),()0,,( yxIyxu =                                          (3) 
where is the gradient; |)(| uc ∇ is called diffusion coefficient; and the value is: 
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If the coefficient is variable, the (3) is called nonlinear diffusion. Perona and Malik [2] in 1990s raised 
anisotropic nonlinear diffusion equation (P-M) : 
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The diffusion coefficient function (4) (It is called edge stop function.) can be written as:  
2)/(1
1)(
Kr
rg +=                                                                  (6) 
K is a constant, and can be automatically controlled by gradient threshold method. It is required that 
when ∞→r , 0)( →rg . When gradient r increases, g(r) decreases, and when r decreases, the situation is 
reverse. Thus when the image is denoised, the diffusion in the internal is strong and the noise is smoothed. 
In the big gradient part the diffusion is slow. Therefore, the image edge details will be retained.  
3 P-M partial diffusion equation image filtering  
In the process of denoising of P-M, the used method needs to be improved according to the noise. In 
this way, a good filtering result will be obtained. 
3.1 Automatically estimate gradient threshold K 
In the edge function g(r), K is a constant related to the edge. Generally, edge detection algorithm of 
Canny [3] will be used to estimate K. In the paper, K is calculated by automatically estimated threshold [4]. 
The calculation process is as following. 
Firstly, the gradient gradx and grady of image in x and y directions are calculated separately; secondly, 
the largest gradient value (gradx. ^ 2 + grady. ^ 2) ^ 0.5at every point is found out; thirdly, the whole 
image gradient mean value m is obtained; fourthly, gradient mean is subtracted from the gradient and the 
absolute value is gotten; Finally, the value is multiplied by a constant coefficient 1.4836 and K is obtained. 
This value is an estimation of whole image, so it has the adaptability. 
3.2 Discrete numerical express in partial differential equation 
It’s a common method to use difference method to calculate partial difference equation. But the form of 
the difference is the key factor to influence the precision and physical characteristics. One method of 
sampling is equal interval sampling [5]. The step is a pixel. To improve precision, central difference 
method is used. First, get one order partial differential in central difference at two half, and then do it 
again, thus it gets second order partial derivative of second order difference. The process is as follows: 
Central difference at two half in X direction:              
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In the same way, central difference at two half in Y direction can be obtained.   
Two order difference form:         
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Thus, the calculation precision is raised compared with equal interval sampling. The real image 
keeping degree is improved for the filtering image. 
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3.3 P-M filter combined with Gaussian smoothing filter 
In speckle-shearing interferograms, the grain noise is large. In the process of P-M partial differential 
filtering, the stop function values are small at the grain noises, and the effect of smoothing is not obvious. 
The aim of denoising can not be achieved. Therefore, in the actual filtering process, the interferograms 
are needed to be smoothed before filtering. Here, Gaussian filter [6] is chosen to smoothing the noise. 
Gaussian filter is a linear smoothing filter, and weight values are chosen according to the shape of the 
Gaussian function. The noise of normal distribution can be smoothed effectively by Gaussian filter. 
Generally, collected images contain random noise of normal distribution.  
The bandwidth of Gaussian filter is determined by distribution parameters sigma [7], and the width is 
related to the smoothing. Smoothing is better when bandwidth is wider. Smoothness of images is adjusted 
by changing sigma. Gaussian function is the only one which has a minimum frequency and bandwidth 
function [6]，that is why Gaussian function is widely used. What’s more, for big size objects, the window 
effect of template function is very apparent, and smoothing effect is good. 
Through the above description, gradient threshold K is calculated by automatic estimation in the course 
of processing. And the diffusion function is determined by K. Through the iterative calculation in the 
direction of the diffusion, diffusion coefficient is determined, and the partial differential equation is 
solved by P-M nonlinear diffusion and the result image is obtained. 
4 Experimental results 
In this paper, the speckle-shearing interferograms collected in the experiment are used to explain the 
method. The fringe pattern describes the out-of-plane displacement of the circle aluminium plate. The 
plate is fixed around and loaded in the centre. The fringe patterns are filtered by Gaussian filter, P-M 
nonlinear filter and our method separately. To illustrate the result, psnr parameter is introduced. The 
formula of psnr (peak signal to noise ratio) is as following: 
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where ),( jiI  is the initial gray value, 
^
),( jiI  is filtered gray value. Fig.1 (a) is the initial fringe pattern 
obtained in the experiment, and fig.1 (b) - (d) are the filtered results. The value of K is set to be 15，the 
iterative times n are set to be 300. The psnrs are showed in table 1. 
Table 1 the psnr of filtering methods 
psnr (db)  
image Gaussian filter P-M filter P-M combined with Gaussian filter 
Speckle-shearing interferogram  72.8732 73.9615 73.8966 
Comparing the figures, there are lots of noises in the initial fringe pattern. As figure 1(b) shows that 
after Gaussian filtering, there are no large speckle particles in the fringe pattern, but the gray distribution 
is not even. In figure 1(c), after filtered by P-M nonlinear filter, large speckle particles are not inhibited, 
and the effect is influenced. The filtered result by our method in figure 1(d) is the better, in which speckle 
particles are smoothed, the gray distribution is even, boundary details are also held, and visual effect is 
better. From the psnr parameter perspective, it can be seen that psnr of the improved method is close to P-
M nonlinear filter, which illustrates that combination makes the image clearer, and the psnr is not affected. 
Their psnrs are higher than the Gaussian filter. It is demonstrated that the combination filter is effective. 
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                  (a)                                               (b)                                              (c)                                               (d) 
Fig. 1. the speckle-shearing interferogram and the filtered fringe patterns (a) the speckle-shearing interferogram; (b) the filtered 
result by Gaussian filter; (c) the filtered result by P-M filter; (d) the filtered result by P-M combined Gaussian filter. 
5 Conclusions 
In this paper, the theory process of the partial differential equations applied in image processing is 
deduced. The P-M nonlinear filtering model is introduced. And Gaussian filter is combined in P-M 
nonlinear partial differential equations to improve the result effect. By the improved filtering model, it is 
ensured that edge details are kept well, and larger speckle particles are smoothed by Gaussian filter. Thus, 
the noises are inhibited well. The experiment result is gotten through processing speckle-shearing 
interferograms in the experiment. According to the experimental data and the comparison of the visual 
effects, it can be summarized that the improved method combining Gaussian filter and P-M nonlinear 
partial differential equation is better. In the case of the psnrs remaining unchanged, the large particle 
noises are inhibited and edge details are kept better.  
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